Abstract -Designed synthesis of clusters with face bridging functional organic ligands has paved the way for reactivity studies. Simple multiply bonded substrates of the C=C, C=N, and N=N type have been attached to three metal atoms in bonding modes isoelectronic to the p3-alkine, the p3-vinylidene and the p3-alkylidyne fashion. The interconversions of the bonding modes and the cleavage of the multiple bonds have been investigated. Starting from the simple substrates the combination of organic fragments can form new organic molecules.
INTRODUCTION
It has been demonstrated by many research groups (ref. 1) that organometallic clusters bearing organic substrates in a multicenter bonded fashion can serve as models for surface chemistry in the structural sense as well as in terms of reactivity. The author's research group has contributed to this field in the past by working on new methods of cluster synthesis (ref.
2) and by focusing on basic metal cluster reactions, i. e. those that affect the metal atom core (ref.
3). More recently, we have turned to the study of reactivity patterns in the ligand sphere and to attempts at finding organic products resulting from multicenter substrate attachment (ref. 4) . This report will present some generalizations and extensions of the latter subject produced by the enthusiastic cluster group at the University of Freiburg.
Despite the focus on ligand sphere reactivity, the basis of all our work is still the synthesis of reactive clusters. We have been working on the optimization of the three majour approaches to substrate capped clusters, i. e. capping, cluster construction, and metal exchange. In the field of cluster capping we have been trying to use milder reaction The synthetic cluster work has made it possible that most of the reactivity studies reported below could be performed on cluster Compounds obtained by our own routes. This was so either because we could make the investigated cluster type more easily available or because we were able to introduce a very reactive substrate under conditions mild enough to prevent it from being degraded. The third M3E2 cluster system to be interconverted was the Ru3N2 cluster 7. It followed a different path of thermal rearrangement or hydrogenation. Thermal treatment resulted in C-H activation and formation of the hydrazone derivative 8. This could be hydrogenated to form the hydrazide derivative 9. So far it has not been possible to make these reactions reversible (ref. 14) .
ISOELECTRONIC C=C, C=N, AND N=N LIGANDS

MULTIPLE BOND CLEAVAGE ON CLUSTERS
The interconversions among the cluster triads 1-2-3, 4-5-6 and 7-8-9 represent one aspect of the cluster-surface analogy by demonstrating the ease of H atom mobility. Another aspect of this kind is the ease of multiple bond cleavage. Its occurrence for cluster-bound alkynes is well-documented, a classical case being the thermal rearrangement of Cp3Rh3(CO)(p3-q2-PhC=CPh) to c~~R h~( p~-C P h )~ (ref. This reaction which was found to be of first order and intramolecular corresponds to the interconversion of two 7 SEP square pyramidal frameworks, as shown in Fig. 1 . Such an interconversion, although theoretically feasible, is not in accord with the observed CO dependency of the reaction. It is therefore concluded that the first step is CO elimination, forming a 6 SEP trigonal bipyramidal Fe3N2 framework, which may then undergo the characteristic pseudorotations until the two N atoms are separated, after which CO is added again to give the product cluster. Starting from the nitrene bridged cluster 19, the rearrangement product of 16 (see above), a further organic frag- 
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ATTACHMENT A f l D INTERCONVERSION OF PHOSPHORUS YLlDES
The successful use of phosporus ylides for cluster-mediated C-C bond formation (see 15 despite being derived from the unusual starting materials R3P=CHX, thus helps to understand possible pathways between the building blocks C, CH2, and CO in stoichiometric or catalytic reactions.
PASSWATION INSTEAD OF ACTIVATION
The product sequence 21 + 24 cannot be fully realized for a single phosphorus ylide, nor can it be reversed. This points to the fact that the stabilization of unusual substrates, which is an asset of cluster chemistry, may also be a liability in that it may prevent reaction sequences from going to completion. Quite often, therefore, the phenome- 
OUTLOOK
This review has mostly dealt with the chemistry of C=C, C=N, and N=N bonded substrates, and the subject of C=O bonded substrates has briefly been touched with the ylide reactions. There is, however, a much wider range of multiply bonded substrates on trimetal clusters. For each of them some unique reactivity patterns have been observed (ref. 1). Many further reactions have yet to be found, and even a few more simple substrates have yet to be attached in the p 3 -q 3 mode. This opens many prospects for cluster chemistry. Fig. 3 is intended to present these prospects like viewing from a lookout point in space. The approaching "spaceships" are the frameworks of trimetal clusters capped by p3-v2-bonded substrates. From left to right and row by row the substrates are: (first row) nitrile, acetylide, isonitrile, alkyne; (second row) isocyanate, hydrazide, hydrazone; (third row) acyl, azoalkane;
(fourth row) vinylidene. We are optimistic that in addition to the systems mentioned in this report the nitrile, isonitrile, and acyl substrates will provide us with a fertile derivative chemistry.
